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THE TOXEMIA OF INTESTINAL OBSTRUCTION
The nature of the toxemia of intestinal obstruction

has been a subject of interest and debate in the past
few years. The clinician has the problem presented
to him in practice repeatedly in most acute forms; the
laboratory worker is perplexed by the apparently
irreconcilable conflicts of experience and experiment.
The concentration of the energies of a number of
capable American investigators on the questions raised
is certain to bring clarity into the matter before logn;
indeed, the accumulating evidence begins to show that
more than one factor undoubtedly is responsible for
the death from obstructed intestine. When the great
mass of experimental data is once critically evaluated,
a rational explanation is likely to be forthcoming..

In the past, individual schools have dwelt too exclu-
sively on a single aspect of the problem. Three clas-
sic explanations were early devised for death in
obstruction: first, infection; second, nervous reflexes;
third, intoxication. The last explanation has been
advanced in two forms, intoxication being explained as

due to noxious substances of bacterial origin in the
obstructed bowel, or as the result of an actual toxic
secretion by the glandular structures of the alimentary
tract.

Whipple,1 who has been prominent in the study of
this problem, has advanced the theory that the intoxi-
cation of intestinal obstruction and closed intestinal
loops is due to the absorption from the intestinal
mucosa of a definite proteose. lie believes that the
evidence for the intervention of bacteria in the situa-
tion is not at all conclusive, whereas there can be no

question that the intestinal mucosa is essential to the
production of the poison. Bacteria alone cannot
form it.

A recent contribution- stimulates interest anew, and is
likely to provoke further critical discussion of the ques-
tion. In confirmation of the results of previous inves-
tigators, it has been found that dogs with an isolated

closed loop of duodenum or jejunum die in from forty-
eight to ninety-six hours, in most cases with perfora-
tion of the isolated loop and general peritonitis. But
there is usually no excessive vomiting and hence no

fatal dehydration of the body tissues. The dehydra-
tion factor has been made responsible by some of the
investigators for the severe symptoms of intestinal
obstruction. When the isolated and closed loop of the
jejunum is sterile, complete occlusion of the blood ves-
sels to the isolated loop has no effect on the dog; but
if the loop is not sterile, the occlusion of the circula-
tion in the loop causes death in from twenty-four to

forty-eight hours with the usual symptoms of complete
intestinal obstruction.

An abundant series of experimental observations has
seemed to the Chicago physiologists to warrant the fol-
lowing conclusions :

Closed intestinal loops in which the bacteria are first
removed are not incompatible with life. Closed intestinal
loops in which bacteria are present but in which tissue
necrosis is prevented are not incompatible with life. Closed
aseptic intestinal loops in which the blood supply is com-
pletely shut off are not incompatible with life. The normal
secretions of the duodenum and jejunum are not toxic when
allowed to drain into the abdomen cavity.

These results, we are reminded, do not support the
theory of Draper of a normal toxic secretion of the
duodenal mucosa, neutralized by the jcjtmal mucosa,
or the perverted secretion theory of Whipple. In
obstructed loops of bowel, occlusion of the circulation
by distention from accumulated secretion may easily
arise. Necrosis follows, and bacterial toxemia com-
pletes the story. Thus the Chicago investigators con-
clude that bacterial activity plus the necrotic tissue or

the result of the action of bacteria on necrotic tissue
are the important factors in the rapid death in simple
closed intestinal loops.

THE PANCREAS AND MUSCLES IN
SUGAR METABOLISM

In the current of the sciences, just as in the life of
man, von Fürth1 wrote not long ago, there are periods
when every good intention and the most honest effort
are insufficient to make any decisive and productive
progress possible ; evil days when ability is compelled
to employ a good part of its innate energy to keep
from sinking into dejected inefficiency. Then sud-
denly some new event changes the situation and
brushes aside the impediments which have opposed the
free development of the long accumulated latent
energy. At once a period begins of heightened, fever-
ish activity which endeavors to make up for all that
was missed in the dull times of stagnation. The dis-
covery of the relation of the pancreas to diabetes rep-
resents one of these unusual events. Since its
announcement in 1889 there has been the liveliest dis-
cussion as well as a truly enormous amount of inves-1. Whipple, J. H.: Intestinal Obstruction a Proteose Intoxication,

The Journal A. M. A., Aug. 7, 1915, p. 476.
2. Dragstedt, L. R.; Moorhead, J. J., and Burcky, F. W.: The

Nature of the Toxemia of Intestinal Obstruction, Proc. Soc. Exper.
Biol. and Med., 1916, 14, 17.

1. Von F\l=u"\rth,O.: The Problems of Physiological and Pathological
Chemistry of Metabolism, Philadelphia, 1916, p. 247.
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tigation directed to the interpretation of the unique
relationship which makes carbohydrate metabolism in
the body concerned with a gland formerly supposed to
be involved solely in the secretion of a digestive juice.

Extirpation experiments on animals established the
essential facts ; histologie studies, particularly in rela-
tion to the islands of Langerhans, furnished important
contributory evidence; blood-transfusion, parabiosis
and other physiologic technics have been devised to
Unravel the underlying factors ; the biochemistry of
hormones and enzymes and the methods of immu-
nology have furnished analogies for tests in vivo and
in vitro

—

and yet we are still compelled to ask what
part the pancreas plays in the utilization of sugar.
Does the pancreas furnish an internal secretion ; and,
if so, how does the latter function? Does it supply
an activator to facilitate the disruption or oxidation of
the sugar molecule ? Or is it merely concerned with a

proper mobilization of carbohydrate, working perhaps
in harmony with other secretory agencies in the body?

To ask these questions is a confession of the
ignorance which we must admit of one of the most
fundamental problems of physiology and pathology.
When older methods of inquiry are exhausted without
furnishing a decisive reply, and when conventional
points of view fail to lead to new advantages, every
novel experiment or mode of approach is heartily wel-
comed. As the muscles with their heightened local
demand for energy doubtless are the seat of utilization
of sugar, it has frequently been suggested that the
pancreas furnishes something which facilitates the
destruction of the carbohydrate in muscle. The iso-
lated surviving heart has been used by a number of
investigators as an appropriate muscular organ for such
studies ; but there are great discrepancies between the
findings of different workers with respect to such
questions as the comparative sugar utilization of the
heart of the normal and the diabetic subject, or the
effect of pancreatic extracts on such muscular metabo-
lism.

The reason for these disagreements, often due to a

faulty experimental technic, need not be related here.
The latest attempt2 to solve the difficulties has bene-
fited by the errors and lessons of the past in the
attempt to gain some evidence as to the possible inter-
dependence of pancreas and muscles in sugar metabo-
lism. The new experiments conducted in the Hun-
terian Laboratory of Experimental Pathology at the
JoliVis Hopkins University indicate that the pancreas,
when perfused aseptically with Locke's solution con-

taining physiologic concentrations of glucose, does not
alter the reducing properties of the solution. This
means that the sugar itself is not changed in this
organ. The pancreas, however, seems to supply to the
perfusing fluid circulating through its arteries some-

thing which in some way brings about a utilization of

sugar by a typical muscle, such as the heart, to an

extent which does not occur with the cardiac muscu-
lature unaided. This was ascertained in trials in
which the isolated heart and pancreas were simul-
taneously perfused with the same fluid.

This newly discovered but unisolated and unidentified
pancreatic substance possesses some of the character-
istics of an enzyme. It is inactivated by heat; it is
unstable ; it acts in small amounts ; it accelerates a
reaction which otherwise proceeds at a slower speed.
These are not the distinctive properties of a stable
hormone. Sugar actually disappears, presumably by
oxidation or hydrolysis. The question naturally arises
as to whether the hypothetic substance is identical with
the long postulated internal secretion of the pancreas
so essential to carbohydrate metabolism. Clark says,
with appropriate reserve, that though the outcome of
his work involves observations on the heart and pan-
creas isolated from the numerous interrelating factors
usually occurring in the body, the evidence suggests at
least that the substance or substances obtained experi-
mentally by perfusing the pancreas may be concerned
in the normal activity of that organ on sugar metabo-
lism.

THE PRINTED PAGE AND TIRED EYES
Of the varied factors which enter into life and con-

tribute to the fatigue which sets the physiologic limit
to continued activity, some seem to be sufficiently
emphasized while others are almost always overlooked
Or underappreciated. The bodily weariness which
attends the vigorous use of the skeletal muscles in
work or in play is generally so insistent for recogni-
tion that we appreciate its significance and promptly
give heed to it. In addition to these muscles, however,
we are constantly depending on our organs of sense to
furnish the data which determine in large measure the
entire course of daily life not only in its physical but
also in its mental aspects. Without sight, touch and
sound

—

not to mention the lesser senses
—

most of
what is valued in human experience and performance
is lost. Nevertheless little attention is usually paid to
the possibility of fatigue of the sense organs and the
functional structures associated with them.

Perhaps this statement as to the current indifference
to possible overwork of our organs of sense should
be modified in reference to the eye, for it is not
unusual to hear of the existence of eye-strain. It has
been well stated that the strain of modern life-is some-
times special rather than general, so that strain comes
on some organ or muscle. Indeed, industry has
become so specialized that the worker may strain one

part of the body while other parts are in need of exer-
cise. No one can bring the charge of lethargy to the
eye, even in the most phlegmatic person. Whatever
may be the condition of the rest of the body during
waking hours, the organ of vision is almost continu-
ously "on the job."

2. Clark, A. H.: The Interrelation of the Surviving Heart and
Pancreas of the Dog in Sugar Metabolism, Jour. Exper. Mcd., 1916,
24, 621.

Downloaded From: http://jama.jamanetwork.com/ by a Michigan State University User  on 06/10/2015



A little physiologic reflection will make it evident
that the proper use of the eyes depends on a diversity
of conditions in part personal and in part environ-
mental. The need of suitable illumination is abun-
dantly recognized; but the adequacy of the light factor
is governed in no small measure by the situation. The
light of the stars on-a clear evening may easily suffice
to enable us to avoid large obstacles in our path. In
moonlight the problem of orientation becomes much
easier. A driver or a farm laborer can comfortably
continue his usual activities under conditions of wan-

ing light in which a watch maker, a type setter or a

copyist has been forced to abandon his assigned task
owing to the inadequacy of the illumination. In other
words, the use of the eyes is limited to the available
light, the requisite intensity of which in turn depends
on the size of the objects which engage the attention of
the person, the color of these objects, .and the speed
with which they must be envisaged. In view of the
obvious fact that the -use of the eyes is fundamental
in daily life, it is surprising that the hygiene of the
organs of vision, particularly the determination of the
most appropriate conditions for their healthy function-
ing, receives so little popular consideration.

Let us examine the immediate problem somewhat
more closely. Both surplus and deficiency of light may
lead to harm for the eye ; but the dangers from the lack
of adequate illumination are apt to be the more fre-
quent. The work of seeing is rendered more difficult,
so that a strain ensues. Perfection of vision is
promptly impaired by diminished illumination. Under
these conditions it becomes necessary to approach
nearer to the object in order to see it distinctly. The
work of ocular accommodation is greatly increased.
The muscles of accommodation are exercised unduly.
In young eyes myopia becomes one of the untoward
consequences. It is unnecessary to carry the analysis
farther to indicate the hygienic import of the question
of illumination. A recent book, in discussing the sub-
ject, says:

Eye-strain is to be prevented by scientifically adapted
spectacles, by care to secure the right kind of illumination,
and in some cases by systematically resting the eyes. . .

One should be especially careful not to read in a waning light
or, on the other hand, to read in the glare of the sun.1

Reading undoubtedly furnishes one of the major
occupations for the eyes ; yet, as will be seen from the
foregoing typical quotation, one will search almost in
vain for any consideration of the size of the object
concerned in this employment of eyesight. Strangely
it has remained for others than the students of hygiene
lo call attention to the unfortunate make-up of much
modern printed matter from the standpoint of accepta-
bility to the eye. It requires little serious reflection to

appreciate the fundamental importance, for eye health,
of the legibility of type. The librarian of the St. Louis

Public Library, Dr. Arthur E. Bostwick,2 is the latest
to bring the seriousness of the situation to public
attention. Tired eyes, he says, belong for the most
part to those who have worked them hardest ; that is,
to readers who have entered on middle age or have
already passed through it. At this age we become
conscious that the eye is a delicate instrument — a

fact which, however familiar to us in theory, has
previously been regarded with aloofness. Now it
comes home to us. The length of a sitting, the quality,
quantity and incidence of the light, and, above all, the
arrangement of the printed page become matters of
vital importance to us. A book with small print, or
letters illegibly grouped or of unrecognizable shapes
becomes as impossible to us as if it were printed in
Chinese.

Legibility is not merely a matter of the size of
type. Form, heaviness of face, the width of the mar-

gin around the letter, position in the letter group, and
the shape and size of adjoining letters also require
consideration. For "tired eyes" the size factor would
appear of overwhelming importance except where the
other elements make the page fantastically illegible.
Such, all too few, studies as have been made on this
subject, particularly in relation to schoolchildren, for
whom alone the need of large type is recognized '"

relation to the undeveloped eye, indicate, according
to Bostwick, that 10-point type is the smallest size fit
for any one, however good his sight.'1

The recommended sizes of type run from 30-point,
for 7 year old children, to 10-point or 11-point for
persons more than 12 years old. Bostwick remarks
that this would bar much of our existing reading mat-
ter. In the gathering for "tired eyes" of a decidedly
unique collection of books in large type for the
St. Louis Library, 14-point was decided on as the
standard. Out of nearly 400,000 volumes it was found
by diligent search that only 150 would answer this
description. The final result of the St. Louis effort
has been an accumulation of a few more than 400 vol-
umes, despite the fact that 1,000 publishers in this
country are .annually issuing 11,000 volumes, to say
nothing of the British and continental output.

In view of the omnivorous reading habits.of the
American public, one other factor deserves notice here-
The possible influence of short lines on legibility
deserves consideration in the propaganda for sane
typography. Quoting Bostwick, we may recognize that
the eye must jump from the end of .each line back to

the beginning of the next, and this jump is shorter and
less fatiguing with the shorter line, though it must be
performed oftener. The adaptation of the eye to a

standard length of line is surely not without moment-
New lengths, as one finds them in special magazines or

1. Fisher, Irving, and Fisk, E. L.: How to Live, New York, 1915,
p. 93.

2. Bostwick, A. E.: Books for Tired Eyes, Yale Rev., January,
1917, p. 358.

3. A "point" is the current standard unit of measure for the size
of type bodies. It represents about 0.013 inch. The editorials in The

Journal are printed in 10-point type with 2-point leads between the
lines; this footnote is in 6-point type.
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other publications, are not so easily read. Bostwick
ventures the opinion that the reason for our continued
toleration of the small type used in the daily news-

papers is that their columns are narrow, and still more,
that these are everywhere of practically uniform
width. If books, magazines and reading are to remain
as our inheritance, what better conservation movement
can we initiate than one to ascertain and introduce
rational standards for the printed page?

THE HEMOGLOBIN CONTENT OF THE
BLOOD IN HEALTH

There is perhaps no fluid or tissue of the living body
with which the clinician is more seriously concerned
than the blood. On the quantity of certain of the
blood constituents found in individual cases some of
the most important deductions with respect to diagno-
sis and prognosis are often based. It will doubtless,
therefore, come as a surprise to many who are almost
daily concerned with questions involving the concen-
tration of one or the other of the blood constituents,
to learn that few adequate analyses are at present
available. Thus three of the most recent and repre-
sentative textbooks on physiology and physiologic
chemistry still quote the old data of C. Schmidt pub-
lished in 1850 in elucidation of the quantitative com-

position of human blood.
In pointing to the paucity of dependable knowledge,

particularly with respect to the content of hemoglobin
in human blood, Williamson1 rightly complains that
what facts are possessed on the subject date mostly
from 'the work of Leichtenstern.2 He says that to
the thoughtful clinician it has long been a matter of
keen regret that the examination of the blood which
is perhaps most frequently made in routine practice,
namely, the estimation of the percentage of hemoglo-
bin, is the one from which we generally derive the most
unsatisfactory results. Aside from the glaring defects
in some of the instruments in common use, this has
been due to the fact that we have had few accurate
data as to the variations in the amount of hemoglobin
at different ages. It is currently stated, in contrasting
the two sexes, that the amount of blood corpuscles is
somewhat smaller in woman's blood ; and the average
amount of hemoglobin is given as 133 per thousand,
in contrast with 146 per thousand for man's blood.
Several investigators have pointed out that fetal and
infant blood is richer in erythrocytes and hemoglobin
than is the blood of the mother. The highest content
of the blood pigment has been described as occurring
immediately, or soon after birth. In man the figure
for hemoglobin has been said to reach 210 per thou-
sand at this period. The older statistics indicated that
it gradually sinks to about 110 per thousand between

the fourth and eighth years, with a second maximum
of from 137 to 150 per thousand at the twentieth year.
After the forty-fifth year, according to Leichtenstern
and to Otto, the content slowly decreases. One also
finds long cherished and reiterated indefinite state-
ments regarding a gradual increase in the amount of
hemoglobin in the blood of man when his diet is
"enriched," and the blood of lean persons is reputed to
be somewhat richer in hemoglobin than blood of cor-

pulent ones of the same age.
In view of so much that is inadequate and uncer-

tain, based as it is on a limited number of observa-
tions made with the older technic and less rigorous
methods of analysis, the contributions of Williamson
are to be welcomed. His new hemoglobin estimations
have been made by the exceptionally accurate method
of spectrophotometric analysis. Covering as it does
the blood of more than 900 healthy persons of both
sexes, at ages ranging from 1 day to over 76 years,
this wealth of new statistics overshadows previous
compilations.

A detailed examination of these elaborate analyses
would be out of place here. Certain generalizations
derived from them deserve emphasis, however. The
amount of hemoglobin in the blood of normal persons
varies greatly at different ages, and follows a well
defined curve. These age variations are so great that,
in determining whether a given blood contains more

or less hemoglobin than normal, it is imperative to
consider the age. These variations are greatest from
birth to the sixteenth year. Between the ages of 16
and 60 there is a marked difference between the two
sexes, this difference growing less after the sixtieth
year. In view of these facts, Williamson says it is
evident that hemoglobinometers should be standardized
in absolute terms, most conveniently in grams of
hemoglobin per hundred c.c. of blood. Because of
the superior accuracy attained, it is highly desirable
that the standardization of the hemoglobinometers
should be spectrophometrically controlled. Whether
a given blood contains a greater or less amount of
hemoglobin than the normal can be determined only
by a comparison of the absolute value obtained by a

hemoglobinometer thus standardized, with the normal
value for that age and sex as now available from
Williamson's statistics.

Potash.—A company making Portland cement at Durham,
Ont., according to Commerce Reports, March 9, is now turn-
ing out as a by-product from the feldspar used from twelve to
sixteen tons of potash daily. Both muriates and caustic
products are produced, the former being said to be an almost
pure product. Even the dust and gases of the plant are
trapped, in which there is said to be S per cent, of potash,
which is used for fertilizer. The chemist of the plant says
that every cement plant in Canada should, within the next
five years, be producing potash as a by-product. Immense
deposits of feldspar are found in Canada, which contains at
least 10 per cent, of potash, of which 86 per cent, in a pure
form is collected. The cost of manufacture is said to be
less than the freight charge per ton on that heretofore coming
from Germany.

1. Williamson, C. S.: Influence of Age and Sex on Hemoglobin,
Arch. Int. Med., October, 1916, p. 505.

2. Leichtenstern: Untersuchungen \l=u"\ber den Haemoglobingehalt des
Blutes in gesunden und kranken Zust\l=a"\nden, 1878.
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